Wnts comprise a family of secreted proteins that interact with receptors consisting of a Frizzled (Fz) family member alone or complexed with LDL receptor-related proteins (LRP5/6). Wnt signaling plays a crucial role in both development and differentiation, and activation of a 'canonical' Wnt pathway resulting in b-catenin stabilization is associated with several types of human cancers. To date, little is known about potential Wnt signaling in mature lymphocytes or lymphoid neoplasia. Herein, we have analysed Wnt signaling in mature B cells (lymphomas) and plasma cells (multiple myeloma). Both Fz and LRP5/6 mRNAs were expressed in myeloma lines, but LRP5/6 were not observed in lymphomas. In myelomas, a canonical Wnt signaling pathway was activated following treatment with Wnt-3a as assessed by accumulation of bcatenin, but b-catenin levels actually decreased in lymphoma cells. Wnt-3a treatment further led to striking morphological changes in myeloma cells accompanied by rearrangement of the actin cytoskeleton. Morphological changes were associated with a second Wnt pathway dependent on Rho activation. These results suggest that Wnt responsiveness is a stage-specific phenomenon in Bcell development and that the morphological changes associated with Wnt signaling may play a role in the motility and metastatic potential of myeloma cells.
Introduction
Lymphocytes respond to a wide variety of cytokines and growth factors that play pivotal roles in lymphoid development and function. Recently, Wnt family members have been demonstrated to contribute to lymphopoiesis and early stages of both B-and T-cell development, but a signaling role in mature lymphocytes or lymphoid neoplasia has yet to be determined. Wnts mediate signaling through their cognate Frizzled (Fz) receptors and associated LDL receptor-related protein 5 or 6 (LRP5/6) resulting in the activation of intracellular cascades that have profound biological effects. In Drosophila embryogenesis, Wnts determine cellular polarity and fate (Wodarz and Nusse, 1998) . Wnt effects are not restricted to early development as, for example, in adult tissues Wnts have been suggested to regulate epithelial cell proliferation (Polakis, 2000) . This regulation assures that replacement of cells lost because of death is tightly controlled and results in a precise maintenance of cell numbers. Defects in Wnt signaling have been associated with several forms of cancer (Peifer and Polakis, 2000; Polakis, 2000) . Many Wnt effects are mediated by the downstream effector b-catenin, which plays a pivotal role in the 'canonical' Wnt pathway. In the absence of Wnt signaling, b-catenin is phosphorylated by GSK3b marking it for ubiquitination and proteosome degradation. Phosphorylation of b-catenin takes place in a complex including adenomatous polyposis coli (APC) and axin. Both of these proteins are also phosphorylated by GSK3b and required for efficient phosphorylation of b-catenin. Upon interaction of Wnt proteins with the coreceptors Fz and LRP5/6 (Pinson et al., 2000; Tamai et al., 2000; Wehrli et al., 2000) , the APC/axin/GSK3b complex is antagonized by a mechanism that is not clear, but involves dishevelled (Dvl) family members thought to be downstream of Fz receptors (Yanagawa et al., 1995; Lee et al., 1999) . As a result, Dvl, in a complex with a second protein FRAT, inhibits GSK3b phosphorylation of b-catenin and augments dissociation of the destruction complex. b-catenin thus accumulates in the cytoplasm and translocates to the nucleus where it functions as a transcription factor in conjunction with TCF/LEF family members to activate target genes that regulate many cellular processes including cell cycle progression and differentiation. In addition to its role as a transcription factor, b-catenin performs a second major function as a structural protein at cell-cell adherens junctions linking adhesion receptors of the cadherin family to the actin cytoskeleton (Zhurinsky et al., 2000) . Thus, b-catenin levels in the cell reflect a complex dynamic involving multiple cellular compartments and pathways associated with quite different effects ranging from transcription regulation to membrane structure and cell shape.
In addition to the roles described above for b-catenin in normal cellular functions, activation of this pathway has been described in a variety of human cancers, the most well studied of which are colorectal tumors, but also include fibromatosis, gastric and hepatocellular carcinoma (Peifer and Polakis, 2000; Polakis, 2000) . bcatenin involvement in cancer is commonly associated with mutations in the amino-terminal region that make the molecule resistant to processing through the degradation pathway. Mutations in other proteins in this pathway, most notably the APC gene in colon cancer, similarly lead to b-catenin accumulation. A role for other Wnt-activated (noncanonical) pathways in disease has yet to be determined. While importance of the Wnt/b-catenin pathway has been clearly established in embryogenesis, development and some forms of cancer, relatively little is known about the potential involvement of this cascade in lymphoid development and lymphoid neoplasia.
Multiple myeloma is an invariably fatal form of cancer characterized by the development of malignant plasma cells in the bone marrow that are representative of terminally differentiated, antibody-secreting B-lineage cells. During the past several years, a variety of studies have suggested that cytokines and growth factors are likely to play important roles in the survival and growth of these cells. IL-6 has been demonstrated to act as a proliferative and antiapoptotic factor for both primary explants and a number of myeloma cell lines (Bergui et al., 1989; Zhang et al., 1994) . Importantly, in animal models IL-6 null mice fail to develop plasma cell tumors (Hilbert et al., 1995; Lattanzio et al., 1997) . Similar effects on myeloma lines have also been reported for IGF-I (Ferlin et al., 2000; Ge and Rudikoff, 2000) and both of these factors have been shown to promote myeloma tumor growth in in vivo models (Lu et al., 1995; Ge and Rudikoff, 2000) . In contrast to multiple myeloma, B-cell lymphomas represent an earlier stage of B-cell development corresponding to mature B cells that express high levels of surface immunoglobulin, but secrete relatively little. Herein, we have undertaken to examine the question of Wnt signaling in mature B-lineage cells and describe functional Wnt/b-catenin and Wnt/RhoA signaling in myeloma lines that is absent in B-cell lymphomas.
Results
The general insolubility of Wnt proteins has hampered the production of appropriate antibodies to facilitate experimental detection. We, therefore, initially used RT-PCR to evaluate the presence of Wnt receptor RNA in both myeloma and lymphoma cells. Analysis using primers for all Fz family members (Table 1) revealed expression of multiple Fzs at relatively high levels in myeloma cells, but a clear lack of such expression in lymphpomas wherein only Fz-3 was detected at comparable levels. Importantly, neither LRP-5 nor -6 was expressed in any B cell line whereas expression of one, or both, was observed in all myeloma lines. These results suggest that multiple Wnt receptors are expressed specifically in plasma cells, but not B cells, and may reflect stage-specific regulation.
Having demonstrated the presence of Fz and LRP receptors, we sought to determine whether a canonical b-catenin pathway was functional in myeloma cells. We first examined Dvl isoforms known to be downstream of the receptor and to play a critical role in inhibiting bcatenin processing by the GSK3b/APC/axin complex. Dvl-1 was barely detectable (not shown), whereas Dvl-2 and Dvl-3 were readily observed in all the lines tested. The protein levels of Dvl-2 increased with time following Wnt-3a treatment, with maximum levels attained by 6 h (Figure 1 ). Dvl-3 appeared to become phosphorylated in the same time frame as indicated by a gel mobility shift. This change in mobility was dependent on the concentration of Wnt-3a as demonstrated by the treatment with varying dilutions of conditioned medium (CM). Phosphorylation was confirmed by phosphatase treatment of immunoprecipitated Dvl-3. CM from parental L cells had no effect on either Dvl-2 or Dvl-3 at any time point (not shown).
Detailed examination of the effect of Wnt-3a revealed b-catenin protein accumulation in a time-dependent manner. In the H929 line, increases in b-catenin levels were seen at 3 h and continued through the 12 h time point (Figure 2 ). Similar increases in OPM-2 were observed by 1 h and peaked between 3 and 6 h. Wnt-3a treatment had no effect on either a-or g-catenin protein levels (not shown). Interestingly, in 3/3 B-cell lymphoma lines b-catenin levels evidenced a continuous decline. It should be noted that exposure time of the film for the B cell lines was 12 Â that of the myeloma lines. Thus, the protein level of b-catenin in lymphomas was much lower 
than in myeloma cells in spite of comparable mRNA levels (not shown). These results suggest that b-catenin protein synthesis and/or degradation is likely to be differentially regulated in myeloma versus lymphoma cells. The observed stabilization of b-catenin in myeloma lines was completely inhibited by secreted Fz-related protein-1 (sFRP-1), a putative antagonist of Wnt binding ( Figure 2b ). Additionally, lithium chloride (LiCl), which has also been shown to inhibit b-catenin phosphorylation by GSK3b, produced a similar stabilization of b-catenin ( Figure 2c ).
Stabilization of b-catenin in other systems leads to the formation of complexes with members of the TCF/LEF families and subsequent transcriptional activation. RT-PCR analysis of the TCF/LEF families revealed expression of only LEF-1 (Figure 3a ) in either myeloma or B cells. Using a reporter construct (pTOPFLASH) containing binding sites for the b-catenin/TCF/LEF transcription complex, a significant increase in luciferase activity was observed indicating that transcriptional activation was a downstream effect of Wnt-3a treatment in myeloma cells (Figure 3b ).
Given the characterization of a functional Wnt signaling pathway in myeloma cells, we next sought to identify biological effects associated with the activation of Wnt signaling. Initial experiments using a number of and OPM-2 were exposed for 20 s while those for the three B cell lines (Daudi, Namalwa and ST486) were exposed for 4 min. (b) Wnt-3a-CM or con-CM was incubated with sFRP-1 (10 mg/ml) for 30 min and then added to cultures for an additional 6 h followed by blotting as in (a). (c) Cells were treated with LiCl (at indicated concentrations) for 6 h. Lysates were analysed as in (a) myeloma cell lines revealed no proliferative effect associated with Wnt-3a treatment (not shown). However, striking morphological changes were observed in 4/ 4 myeloma lines, associated with the attachment of cells to culture plates (Figure 4a-d) . These changes were clearly visible by 1 h and increased over a 24 h period, resulting in large numbers of cells exhibiting extruded cytoplasmic structures resembling filopodia such that the cells acquired a fibroblast-like appearance. These projections were located at sites of attachment to the culture plates. Cells treated with control-CM (con-CM) retained their typical rounded appearance and did not attach to culture dishes at any time point for as long as 24 h. A marked rearrangement of the actin cytoskeleton (Figure 4e -h) accompanied the morphologic alterations, wherein actin staining was concentrated at the attachment points of the filopodia-like structures. Morphologic changes could be prevented by preincubation with sFRP-1 (not shown). Again, such changes were not observed in a series of B-cell lymphomas. A series of experiments were next performed to assess the intracellular pathways associated with the observed morphological change. LiCl treatment of myeloma cells, previously shown (Figure 2c ) to stabilize b-catenin, failed to induce these cellular alterations. To confirm that the canonical b-catenin pathway was not responsible for the morphological alterations, we treated myeloma cells with supernatants containing the LRP inhibitors, Dickkopf (Dkk)-1 and -2. As shown in Figure 5 , both Dkk-1 and -2 inhibited Wnt-3a-induced accumulation of nonphosphorylated (active) b-catenin and transcriptional activation, but neither prevented the morphological changes (not shown). Identical results were obtained with two additional myeloma lines (not shown). Wnts have also been found to activate at least two additional pathways resulting in either calcium flux (Wodarz and Nusse, 1998; Miller et al., 1999) or Rho activation (Habas et al., 2001; Winter et al., 2001) . We were unable to detect a calcium flux associated with Wnt-3a stimulation, but activation of Rho from the GDP to the GTP form could be directly demonstrated in a pull-down assay using GST-Rho binding domain ( Figure 6 ). This activation was not blocked by Dkk-1. Moreover, treatment with Y27632, an inhibitor of Rhoassociated kinase, completely inhibited the morphological changes (Figure 7 ).
Discussion
Wnt signaling has been demonstrated to have profound effects in embryogenesis, cell growth and certain forms of cancer. However, little is known about potential Wnt signaling in mature lymphocytes or lymphoid neoplasia. Expression of Wnt-16 following a chromosomal translocation has been reported in pre-B-cell leukemia (McWhirter et al., 1999) . Wnts have additionally been shown to play a role in hematopoiesis in which Wnt-11 induced bone marrow cells to develop into a variety of different lymphoid cell types (Brandon et al., 2000) . In contrast, Wnt-3a was shown to decrease the production of B and myeloid cells in bone marrow cultures. The observed suppression required stromal cells implying an indirect mechanism (Yamane et al., 2001 ). This pathway has been further implicated in B-and T-cell development as LEF-1 (a member of the TCF family of transcription factors that forms complexes with bcatenin) null mice have defects in pro-B-cell proliferation and survival (Reya et al., 2000) and TCF-1 null mice are defective in thymocyte differentiation (Ioannidis et al., 2001 ). However, it should be noted that Wnt signaling has only been directly demonstrated in pro-B cells (Reya et al., 2000) .
In the present studies, we have identified functional Wnt signaling pathways in myeloma cells that are absent in B-cell lymphomas. All myeloma lines expressed mRNA corresponding to multiple Wnt receptors (Table 1 ) as well as either or both of the Wnt coreceptors LRP 5 and 6. In striking contrast, only Fz-3 was expressed at comparable levels in a series of B-cell lymphomas and none of these expressed either of the LRP coreceptors. The absence of LRP coreceptor required for canonical Wnt signaling (Pinson et al., 2000; Tamai et al., 2000; Wehrli et al., 2000) suggests that B-cell lymphomas are not likely to be able to signal through a canonical Wnt/b-catenin pathway, but does not rule out the possibility of Wnt signaling through noncanonical pathways. The lack of receptors may further represent a stage-specific difference between mature B and plasma cells. Clearly, similar studies using normal B and plasma cells will be required to ascertain the generality of the distinct receptor expression patterns observed in B lineage tumors.
Functional Wnt/b-catenin signaling involves downstream effectors including Dvl proteins that disrupt the b-catenin degradation complex. Wnt treatment of myeloma cells led to increases in protein levels of Dvl-2 and phosphorylation of Dvl-3 (Figure 1 ) accompanied by stabilization of b-catenin (Figure 2) . In B lymphomas no stabilization was observed and the markedly lower endogenous levels appeared to be continuously degraded. b-catenin accumulation in myeloma cells was inhibited by sFRP-1, a putative antagonist that prevents Wnt binding to Fz receptors. Wnt-mediated accumulation of b-catenin could also be mimicked by LiCl, a known inhibitor of GSK3b in the b-catenin degradation complex. Accumulation of b-catenin leads to nuclear translocation and binding to members of the TCF/LEF families to form transcription-activating complexes (Korinek et al., 1997) . RT-PCR analysis (Figure 3) revealed that the only member of the TCF/LEF families expressed in myeloma or B cells was LEF-1 and that functional-activating complexes could be formed as determined by a luciferase reporter construct assay. It should be noted that earlier reports using Northern blot analysis have suggested that TCF/LEF family members are not expressed in mature B cells (Oosterwegel et al., 1993; Van de Wetering et al., 1996) . It is possible that the greater sensitivity of RT-PCR analysis may account for the differences between these previous reports and the current studies. Taken together, the present experiments reveal the presence of a functional canonical Wnt/ b-catenin pathway in myeloma cells capable of initiating transcriptional activation upon exposure to Wnt proteins.
Treatment of myeloma lines with Wnt-3a resulted in pronounced morphological changes wherein cells rapidly became fibroblast-like in appearance, formed filopodia and attached to culture plates (Figure 4) . The morphological alterations were accompanied by rearrangement of the actin cytoskeleton with actin protein becoming localized at the tips of filopodia forming attachment points. The observation that LiCl stabilized b-catenin, but did not induce morphological changes, suggested the possibility that this pathway was not sufficient (and possibly not necessary) for cytoskeletal rearrangement. Since sFRP-1 completely inhibited the changes, any cellular signaling pathways participating in this phenomenon must still be activated through Fz receptors. To determine whether LRP coreceptors were also required, myeloma cells were exposed to conditioned media containing Dkk-1 or -2 proteins that have been shown to inhibit signaling specifically through the LRP receptors (Mao et al., 2001; Semenov et al., 2001) . Dkk and sFRP regulation of Wnt signaling have been similarly compared in kidney model systems (Y Endo, unpublished) . Both Dkk-1 and -2 inhibited b-catenin stabilization ( Figure 5 ), but neither prevented morphological changes indicating that LRP coreceptors do not participate in the required pathway. Subsequent experiments demonstrated that Rho was activated by Wnt-3a treatment, and that the morphological alterations could be completely blocked by the Rho-associated kinase inhibitor Y27632 (Figures 6 and 7) . This compound inhibits two Rho-associated kinases (ROCK-I and -II) downstream of Rho and prevents stress fiber formation in 3T3 cells (Ishizaki et al., 2000) . Furthermore, Rho Total R hoA Figure 6 Wnt-3a induces formation of Rho-GTP in myeloma cells. Lysates from OPM-2 (a) and H929 (b) cells treated for the indicated times with Wnt-3a-CM, con-CM or Dkk-1-CM followed by Wnt-3a-CM were incubated with GST-RBD glutathione beads as described in Materials and methods. GTP-bound Rho protein was analysed by Western blotting using RhoA-specific antibody activation was not inhibited by Dkk-1. Thus, Rho activation is critical for the observed cytoskeletal rearrangement and is independent of LRP coreceptors. Recent studies have demonstrated that Rho can be activated by both Wnt-1 and Wnt-11 and that this pathway, termed Wnt/RhoA, is necessary for proper Xenopus gastrulation and cell polarity (Habas et al., 2001; Winter et al., 2001) .
Cytoskeletal alterations in response to Wnt-3a have also previously been noted in epithelial cells (Shibamoto et al., 1998) . Such changes suggest alterations in motility and likely reflect rearrangements that will alter cell-cell or cell-substrate interactions. Experiments to evaluate changes in adhesion molecules and migratory properties associated with Wnt signaling in myeloma cells are currently being undertaken and should provide additional information concerning the biological consequences associated with the observed cytoskeletal rearrangements. It is possible that signaling through Fz receptors may play a significant role in the interaction between myeloma cells and the bone marrow microenvironment. This hypothesis becomes even more attractive in the light of recent studies suggesting a key role for Wnt signaling in bone matrix deposition associated with osteoblasts (Gong et al., 2001; Little et al., 2002) . Given the well-documented relation between myeloma cells and the induction of osteoclasts resulting in highly debilitating bone lesions in myeloma development (Bataille et al., 1992; Niesvizky and Warrell, 1997) , it will be intriguing to examine the possibility that Wnts
OPM-2 H929
a b c d e f Figure 7 Inhibition of RhoA-associated kinase blocks Wnt-3a-induced morphology alterations. OPM-2 (left) and H929 (right) were cultured in serum-free medium for 12 h. Cells were then treated with con-CM (a, b) or Wnt-3a-CM (c, d, e, f) for 6 h. Cells in (e) and (f) were preincubated in media containing Y27632 (10 mm) for 1 h prior to Wnt-3a treatment may also play a role in this aspect of bone metabolism. Irrespective of potential biological implications, the current studies demonstrate, for the first time, two functional Wnt signaling pathways in mature lymphocytes and suggest that these pathways may be important in both normal and abnormal lymphocyte development.
Materials and methods

Cell lines and CM
Human MM cell lines ANBL6, Delta-47, H929, MM144, OPM-2, RPMI8226, and B-cell lines Daudi, Namalwa and ST486 (kindly provided by Drs Michael Kuehl and Kishor Bhatia) were cultured in RPMI1640 containing 10% fetal calf serum (FCS), 2 mmol/l l-glutamine, 0.1% penicillin (100 u/ ml), streptomycin (100 mg/ml). CM or con-CM was prepared from Wnt-3a-producing L cells (stably transfected with Wnt3a cDNA kindly provided by Dr Shinji Takada) or control L cells grown to confluency in EMEM medium supplemented with 10% FCS after which the medium was replaced with serum-free EMEM. Culture supernatants were collected after 72 h and designated Wnt-3a-CM and con-CM, respectively. sFRP-1 was prepared as described previously (Uren et al., 2000) .
Reagents and antibodies
Antiactive-b-catenin antibody was a gift from Dr Hans Clevers (University Medical Center Utrecht, Utrecht, the Netherlands). The following antibodies were purchased from the indicated sources: anti-a-, b-and g-catenin, Transduction Laboratories (Lexington, KY, USA); anti-Dvl-1, -Dvl-2, -Dvl-3, -RhoA, Santa Cruz Biotechnology, Inc. (Beverly, MA, USA); anti-V5, Invitrogen-Life Technologies, Inc. (Carlsbad, CA, USA). Horseradish peroxidase-conjugated anti-mouse or anti-rabbit antibodies were from Transduction Laboratories. The Rho-associated kinase inhibitor, Y27632, was purchased from CalBiochem (San Diego, CA, USA) and dissolved in water.
Constructs, transfectants and reporter gene assay
Dkk-1 and -2 cDNAs were derived by PCR amplification and ligated into the expression plasmid PEF6/V5-His-TOPO (Y Endo, unpublished) containing a V5 tag sequence. Constructs were transfected into OPM-2 cells using Lipofectamine (Invitrogen-Life Technologies, Inc.) according to the manufacturer's instructions. Clonal cell lines were generated by limited dilution in a growth media containing 2.5 mg/ml blasticidin. Dkk-1 and Dkk-2 conditioned media were harvested from positive clones grown in serum-free medium for 72 h and recombinant protein detected by immunoblotting with anti-V5. For reporter assays, plasmids with wild-type (TOPFLASH) or mutated (FOPFLASH) LEF/TCF binding sites (Korinek et al., 1997) were transiently transfected into OPM-2 cells using Lipofectamine. Following transfection, cells were exposed to Wnt-3a-CM or -con-CM for 24 h prior to luciferase assay. pSV-b-galactosidase vector was used to normalize for transfection efficiency. Luciferase values were determined following cell lysis in Glo lysis buffer. Luciferase activity was measured with the Bright-Glo luciferase assay kit (Promega).
Immunoblot analysis
Cells (1 Â 10 7 ) were grown in serum-free media for 12 h, and then incubated with lithium chloride (LiCl), Wnt-3a-CM or con-CM for 3, 6, 9 and 12 h or for the indicated time points. For inhibition studies, cells (1X10 7 ) were grown in serum-free media for 12 h and pretreated with Y27632, or Dkk-1 or -2 CM, or con-CM for 1 h. Fresh media consisting of a 1 : 1 mixture of inhibitor-containing and Wnt-3a-containing CM (or con-CM) was then added for an additional 3 h or indicated times. Following treatment, cells were lysed as previously described (Qiang et al., 2002) . Cell lysates were separated on sodium dodecyl sulfate-polyacrylaminde gels (SDS-PAGE) and transferred to Immobilon polyvinylidene difluoride membranes (Millipore, Bedford, MA, USA). Immunoblotting was performed using indicated antibodies.
Immunoprecipitation and phosphatase treatment
Whole cell lysates (500 mg protein) from cells treated with Wnt3a-CM or con-CM for 3 h were prepared as described above and precleared by incubation with protein G-Sepharose. Lysates were incubated with anti-Dvl-3 antibodies for 2 h at 41C. Immune complexes were then adsorbed to protein Gsepharose beads and washed three times. Phosphatase treatment of immune complexes was performed as described (Semenov and Snyder, 1997) . Treated complexes were subjected to immunoblot analysis with anti-Dvl-3 antibody.
Rho-GTP pull-down assay
Measurement of GTP-bound Rho was performed as previously described (Ren et al., 1999) . Briefly, RhoA-binding domain as a GST-fusion protein (GST-RBD) was purified using GST beads. GST-RBD was used to precipitate GTPbound Rho from cells lysed in 50 mm Tris, pH 7.2, 1% Triton X-100, 0.5% sodium deoxycholate, 0.1% SDS, 500 mm NaCl, 10 mm MgCl 2 and a cocktail of protease inhibitors. Precipitated Rho-GTP was detected by Western blotting using monoclonal anti-Rho antibody.
RT-PCR analysis
First-strand cDNA synthesis was performed using ProSTARt Ultro HF RT-PCR Kit (Stratagene) primed with random hexamer in a 50 ml reaction mixture containing 1 mg total RNA. The first-strand cDNA mixture (1 mg) was subjected to PCR using PCR Kit (Applied Biosystem) in a 50 ml volume according to the manufacturer's instructions. All PCR reactions were initiated with a first cycle at 941C for 3 min and a final cycle at 721C for 10 min. Subcloning of PCR fragments and DNA sequence analysis PCR fragments were separated on 1.2% agarose gels and purified using QIAEX Gel Extraction Kit (QIAGEN Inc.). The PCR fragments were subcloned using TOP-TA cloning vector according to the manufacturer's instructions (Invitrogen). Candidate clones from each PCR fragment were subjected to DNA sequence analysis using vector M13 primers. Sequences were determined at the NCI DNA Sequencing Minicore. Data were analysed using Sequencert 3.1 software and compared with Gene Bank using NCBI BLAST (http://www.ncbi.nlm.nih.gov/blast/).
Fluorescence microscopy analysis
Cells were incubated in 24-well plates with Wnt-3a-CM or con-CM for varying times and photographed using an inverted phase contrast microscope equipped with a cooled chargecouple device (CCD) camera. For the detection of F-actin, cells with or without Wnt-3a-CM were cultured in a two-well chamber for 12 h, fixed with 3.7% formaldehyde solution, permeabilized in À201C acetone for 3 min and stained with Alexa Fluor 488 phalloidin (Molecular Probes). The fluorescence intensities of F-actin were detected using an excitation wavelength of 488 nm.
